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Motivation
• Waterborne outbreaks of infectious diseases
continue in the developed world.
• Under the Surface Water Treatment Rule water
suppliers are required to implement watershed
management and source water protection plans.
• Under the emerging LT2ESWTR, water
suppliers can attain 0.5 treatment credits for
watershed management activities.

Watershed Management
• Source water protection

− Reduces the cost of treatment
− Reduces the risk of pathogen contamination

• Indicators as tools in watershed management
– Traditional indicators (coliforms, fecal streptococci, E. coli)
can indicate the presence of fecal contamination and
potential health risks
− Microbial source tracking indicators help track and
differentiate fecal contamination sources so that remedial
activities can be appropriately focused

Solutions?
Ø Indicators that can be used to provide
information as to the source of
microorganisms to drinking water supplies

Source Tracking

Source Tracking Approaches
• Species-specific approach
– quantifying organisms unique to a
source species (i.e. humans, cattle,
or beaver)

• Organism-specific approach
– quantifying subtypes among a single
indicator organism that relates back
to the source species (i.e. variations
among E. coli isolates)

Microbial Source Tracking Tools
üMicrobiological and culture-based methods
üPhenotypic methods
üMolecular-based methods
üChemical-based method
üMiscellaneous research methods

Microbiological and CultureBased Methods
Human Related
– FC/FS ratio >4
– Presence of sorbitolfermenting
Bifidobacteria
– Presence of
Bacteroides/Phages of B.
fragilis
– Presence of Group II and
III F+RNA coliphages

Animal Related
– FC/FS ratio <0.7
– Presence of Rhodococcus
coprophilus
– Presence of Group I and
IV F+RNA coliphages

Microbiological and Culture-Based
Methods
Advantages
– typically use equipment and methods utility lab
bacteriologists are familiar with
– costs relatively low

Disadvantages
– methods can be labor intensive
– results can be subject to analyst bias

Microbiological and CultureBased Methods
• Research needs
– establish geographical applicability
– increase speed by using molecular diagnostics

Example of Selective Enumeration

Molecular-Based Methods
•
•
•
•
•

E. coli Ribotyping
Bacteriodes/Prevotella LH-PCR and T-RFLP
rep-PCR
PFGE - pulse field gel electrophoresis
DGGE - denaturing gradient gel
electrophoresis
• AFLP - amplified fragment length
polymorphism

Molecular-Based Methods
Advantages
– rapid and not as subject to analyst bias

Disadvantages
– requires expensive instrumentation (thermocycler,
gel visualization system, etc.)
– requires specialized training of staff
– cost of materials relatively high
– typically library-based

Molecular-Based Methods
• Research needs
– establish geographical applicability
– establish stability of traits and libraries
– establish statistically significant library sizes
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Chemical Methods
Typically indicative of domestic wastewater:
• Fecal sterol/stanol
• Caffeine
• Fluorescent whitening agents

Chemical Methods
Advantages
– can be as rapid as minutes to hours
– some utilize relatively simple methods
– not highly subject to analyst bias

Disadvantages
– requires specialized instrumentation (spec, GC)
– some require training to interpret results
– provides no information about animal sources

Chemical Methods
• Research needs
– increase sensitivity to detect diluted or low
concentrations of chemical tracers

Miscellaneous Research Methods
•
•
•
•
•

Antibiotic resistance
Carbon utilization profiles
Fatty acid methyl ester analysis
Long-chain alkylbenzene analysis
Others?….

Examples of Applications
• Use of culture-based, species-specific
approach - Long et al.
• Use of molecular-based, organism-specific
E. coli ribotyping approach - Jones et al.
• Use of molecular-based, organism-specific
rep-PCR approach - Pancorbo et al.
• Use of a suite of MST methods - Alderisio
et al.
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Questions ?

